Background: a growing number of older patients undergo cardiac surgery. Some of these patients are at increased risk of post-operative functional decline, potentially leading to reduced quality of life and autonomy, and other negative health outcomes. First step in prevention is to identify patients at risk of functional decline. There are no current published tools available to predict functional decline following cardiac surgery. Objective: to validate the identification of seniors at risk-hospitalised patients (ISAR-HP), in older patients undergoing cardiac surgery. Design and methods: a multicenter cohort study in cardiac surgery wards of two university hospitals with follow-up 3 months after hospital admission. Inclusion criteria: consecutive cardiac surgery patients, aged ≥65. Functional decline was defined as a decline of at least one point on the Katz ADL Index at follow-up compared with preadmission status. Results: 475 patients were included, 16% of all patients and 20% of patients ≥70+ suffered functional decline. The amended prediction model predicted functional decline using four criteria: preadmission need for daily assistance in instrumental activities of daily living, use of a walking device, need for assistance in travelling and no education after age 14. Area under the receiver operating curve for patients ≥70 it was 0.73. For the amended ISAR-HP sensitivity, specificity, positive and negative predictive values were 85, 48, 29 and 93%, respectively. Conclusions: the amended ISAR-HP used in older cardiac surgery patients showed good discriminative values at score ≥1, supporting the generalisability of this prediction model for this patient group.
Introduction
Improved cardiopulmonary bypass technology has allowed for safer procedures with reduced morbidity and mortality, even among the older patients (≥65 years) [1] . Older (≥65 years) patients account for nearly 60% of all patients receiving cardiac surgery [2] . Because of the increasing aging population [3, 4] , the number of older cardiac surgery patients is estimated to rise over the next few decades.
In general, older individuals admitted to the hospital for acute health problems are at an increased risk for functional decline following discharge [5] [6] [7] [8] . Functional decline often results in decreased autonomy, increased dependency and decreased health-related quality of life. Furthermore, functional decline is associated with prolonged length of hospital stay, greater use of health resources, increased nursing home admission and higher mortality risk [9, 10] . Functional decline is associated with complications like delirium, pressure ulcers, and depression and older cardiac surgery patients often suffer from these complications [11] [12] [13] [14] [15] . Identification of high-risk patients is a first step to provide tailored care for patients who would most likely benefit from preventive actions [16] . This risk assessment can then be followed by a comprehensive geriatric assessment (CGA) and targeted interventions to prevent functional decline [16, 17] .
Previously, a prediction model and scorecard to assess the risk of functional decline were developed and validated for older patients acutely admitted to the general internal medical wards, the identification of seniors at risk -hospitalised patients (ISAR-HP) [18] . This prediction model exhibited good discriminatory properties with an area under the receiver operating curve (AUC) of 0.71 (95% CI: 0.66-0.76) and good calibration expressed by a non-significant Hosmer-Lemeshow χ 2 P-value (0.95). At a threshold of 2, the sensitivity and specificity, and the positive and negative predictive values for the ISAR-HP scorecard were 87.1 and 39.4%, 43.1 and 85.2%, respectively [18] . The ISAR-HP could also be a valid tool for predicting high risk for functional decline in cardiac surgery patients.
The aim of this study is to validate the ISAR-HP in older cardiac surgery patients.
Methods
A multicenter prospective cohort study was conducted in two university hospitals in the Netherlands, from January 2006 to May 2007 in the first hospital and from November 2006 to April 2008 in the second hospital. Study participants included consecutive cardiac surgery patients aged ≥65, admitted for at least 48 h, interviewed within 48 h after admission but before surgery. Patients who were unable to speak or understand Dutch were excluded from the study. All patients provided informed consent, and the Institutional Review Board of the two hospitals approved the study.
Measurements
Baseline data and function were assessed by specially trained research nurses within 48 h of admission and follow-up data were obtained at 3 months following admission. Baseline data included: demographic information (age, gender and social circumstances), cognition, years of education after age six, the ISAR-HP and functional status measured using the Katz ADL Index. Follow-up functional status was assessed by telephone interview, and functional decline was defined as a decrease of at least 1 point on the Katz ADL Index between baseline and follow-up.
Measurement tools
The ISAR-HP scorecard consisted of four criteria: preadmission daily need for assistance in instrumental activities of daily living (IADL), use of a walking device, need for assistance in travelling and no education after age 14 [18] . These criteria were scored as either 0 (not present) or 1 ( present), except for the use of a walking device, for which presence was scored as 2 points. In the original study, scores ≥2 indicated a high risk for functional decline.
Functional status was measured using the Katz ADL Index for six items: bathing, dressing, toileting, transferring, eating and use of incontinence materials [19] . Each item was scored as either 0 (independent) or 1 (dependent).
Analysis
Some patient data were missing for one or more of the variables. Missing data were imputed using the single linear regression method, with the addition of random error terms in the SPSS statistical software.
Percentages or means and standard deviations were calculated to describe the study population, and the discriminative value of the model was measured by the AUC. AUC, sensitivity and specificity and the positive and negative predictive values were calculated in different age groups (≥65, ≥70 and ≥75) to determine the optimal predictive use of the ISAR-HP scorecard.
Analyses were performed using the SPSS software, version 15 (Statistical Package for the Social Sciences, Inc. Chicago, IL, USA).
Results
Of 513 eligible patients, three participants refused the followup, eight participants were lost to follow-up, one participant was still hospitalised and not available for follow-up, 26 patients died, leaving 475 participants to be included in this study. Table 1 lists the demographic and clinical characteristics of the study population. The mean age of the participants was 73; 64% were male, 94% lived independently and 24% lived alone. Most of the participants (55%) were admitted for cardiac arterial bypass surgery, for aorta valve replacement (AVR) (23%) or a combination of these (14%). Approximately 16% of all participants and 20% of participants 70+ years of age exhibited functional decline.
The AUC of the prediction model in participants ≥65 was 0.72 (95% CI: 0.65-0.79), in participants aged ≥70 this was 0.73 (95% CI: 0.66-0.80) and in participants aged ≥75 it was 0.75 (95% CI: 0.66-0.83). An overview of the sensitivities and specificities, and the positive and negative predictive values at various thresholds is shown in Table 2 . In participants aging ≥65 and using threshold 2, the sensitivity was 51% and specificity was 83%. However, assessing participants Follow-up functional status (3 months after admission), Katz score; independent % (n)
(378)
Difference in functional status at preadmission and at follow-up % (n) Between −4 and −1 = improved 3 (13) 0 = no difference 82 (388) ≥1 point = declined 16 (74) 70+ years of age using threshold 1 resulted in the best sensitivity and specificity of 85 and 48%, respectively.
Discussion
The amended ISAR-HP scorecard, applied in participants aged ≥70 and using threshold ≥1, was able to identify the older patients admitted for cardiac surgery who were at greater risk for functional decline after hospitalisation ( Figure 1 ). This prediction model uses only four predictors: preadmission daily need for assistance in IADL, use of a walking device, need for assistance in travelling and no education after age 14.
The first steps in prevention are risk assessment, potentially followed by interventions such as CGA. We preferred to be more conservative and obtain a high sensitivity, which would identify all high-risk patients but would also include several low-risk patients and generate a number of false positives. At a threshold of 2 that we used in the original instrument [18] , we obtained a sensitivity of 51% for participants aged ≥65. As this was not an optimal result, we applied a threshold of 1 for participants aged ≥70 which gave the best results with a sensitivity of 85% and a specificity 48%. The corresponding positive predictive value is 29%, indicating that about three quarters of these at risk participants will not develop functional decline. As the second step for patients at risk is a geriatric assessment to prevent geriatric complications we think this relatively high number of false positives, it is acceptable. Fifty-nine percent of the participants of 70 years and older were identified as being at risk. For these patients, a CGA might be indicated. Other cut-off scores might be applicable depending upon local context and resource availability.
The AUC of 0.72 in this study was similar to that seen in the original development and validation studies in general medical settings (AUCs of 0.71 and 0.68, respectively).
However, there are several limitations of the present study that need to be addressed. To identify patients at high risk for functional decline, we advise assessing patients 70+ years of age using a threshold of one. The original development and validation study assessed patients 65+ years of age using a threshold of 2 [18] . Thus, differences observed between the two studies might be due to the difference in incidence of functional decline (35% in the development and validation study versus 16% in this study).
We also excluded any deceased patients from our analysis (n = 26) because we did not want to confound the prediction model of functional decline with mortality; it is possible that some of these patients may have had functional decline and their exclusion may have affected the results. The ISAR-HP scorecard also predicted mortality with a sensitivity of 92%.
Conclusion
Of 475 older cardiac surgery participants examined, we found that 20% of participants ≥70 years suffered from functional decline when comparing the functional status 3 months after hospital admission with that at preadmission. The functional decline after hospital admission can be predicted using a four-variable model at a threshold of ≥1 for patients 70+ years of age. J. G. Hoogerduijn et al.
